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@" 3'"9)B3.2B"G2$6+%'"%A".-2":23A:2."A%$")3$2'.6"3'B",93$B+3'6H"
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:23A:2."A%$")3$2'.6"3'B",93$B+3'6F"$2;3+'6"G3:+B"3'B"962A9:"+'")$2)3$+',"
)9)+:6".%"B%"36"&2::"36".-2*"(3'"+'".-2"123$"4"M3.+%'3:"#9$$+(9:9;".26.6H"

N'".-2"%$+,+'3:"7+.F"62(.+%'">F"OP%(96+',".23(-+',".%"+;)$%G2")9)+:"
)2$A%$;3'(2QF"(%'.3+'6"3BG+(2"3'B"+'A%$;3.+%'".%",9+B2"*%9"+'")$2)3$+',"
*%9$")$%,$3;;2".%"69))%$."123$"4")9)+:6H"1%9"6-%9:B"$23B"+."3:%',6+B2"
.-262"'%.26"52A%$2"B2(+B+',"-%&";3'*"%A".-2"6(+2'(2"5%%6.2$":266%'6".%"
962"3'B"-%&"526.".%"962".-2;H""

N'"3BB+.+%'F".-2"$2(2'.:*")$%B9(2B%0$#1"2($+%3($%*"#.4,/5%).,"/."-%!"#$)%
67%8%#/9%&"+'(:9B26"3",$23."B23:"%A",9+B3'(2"%'".23(-+',"3'B":23$'+',"
.-$%9,-%9."R2*"K.3,2"=H"M2&"6(+2'(2":23$'+',"9693::*"B2)2'B6"%'"
)$2G+%96"7'%&:2B,2"3'B"67+::6H"?-+6"+6"3"(%'.+'9%96")$%(266"&-+(-"(3''%."
52"6956.+.9.2B"5*")$2S.26."($3;;+',H"?-2"P$3;2&%$7"+'(:9B26"3BG+(2"%'"
):3''+',"C)3,26"=TU=4DF"+'(:9B+',"$2G+6+.+',"3'B"$2G+2&+',")$+%$":23$'+',H"
?-2"*23$:*".23(-+',"%5V2(.+G26"C)3,26"/TU=0D"+B2'.+A*"6+,'+A+(3'."
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WBB+.+%'3:"5%%6.2$";3.2$+3:"-36"3:6%"522'")$%B9(2B"A%$";3.-2;3.+(6"3'BF"
52(3962"%A"6%;2"6+,'+A+(3'."(-3',26"+'".-2"6.$9(.9$2"%A".-2"J',:+6-".26.6F"
.-2"J',:+6-"5%%6.2$"7+."-36"522'"A9::*"$2G+62BH"W"(%)*"%A".-2":23A:2."A%$"
)3$2'.6"3'B",93$B+3'6".-3."(%G2$6"3::".-$22"695V2(.6"+6"+'(:9B2B"+'".-262"
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M3.+%'3:"K.$3.2,*"&256+.2"6%".-3."*%9"(3'"B%&':%3B"3'B"(96.%;+62".-2;"
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=")$%,$3;;2"%A"6.9B*F"%'2"(-3',2"-36"522'"6)2(+A+2B8"
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9'B2$)+''2B".-2")$2)3$3.+%'"%A".-2"6(+2'(2"5%%6.2$"7+."+'"/00>H"?-2"Y#W"
-36")$%G+B2B"A9$.-2$"69))%$."5*"(+$(9:3.+',".%"6(-%%:6"6%;2"'2&"63;):2"
6(+2'.+A+("2'\9+$*"\926.+%'6"&+.-";3$7"6(-2;26"3'B"3"(%;;2'.3$*H"

W'%.-2$"&237'266"+'")9)+:6Q".26."$26)%'626F"&-+(-"-36"522'"$2)%$.2B"
%G2$"62G2$3:"*23$6F"+6"3'"+'35+:+.*".%",%"52*%'B"$2(3::+',"+'A%$;3.+%'"3'B"
+B236H"^3'*")9)+:6"3$2"'%."67+::2B"+'"96+',".-2+$"7'%&:2B,2".%"2Z):3+'"%$"
V96.+A*".-2+$"+B236"%$"3'*"(%'(:96+%'".-2*";+,-."B$3&H"]A.2'".-+6"+6"'%."3"
;3..2$"%A")$%B9(+',".-2"(%$$2(."3'6&2$".%"3".26."\926.+%'"59."%A"%AA2$+',"3"
6(+2'.+A+(3::*"G3:+B"C3.".-2":2G2:"%A"R2*"K.3,2"=D"3'3:*6+6"3'B"2Z):3'3.+%'H"N."
+6"+;)%$.3'.".-3.")9)+:6"3$2"35:2".%"+'.2$)$2.F"$236%'"3'B";372"B2(+6+%'6"
2G2'"+A".-2*"B%"'%."3::"3$$+G2"3.".-2"63;2"(%'(:96+%'H"?-+6"$2A:2(.6"-%&"
6(+2'.+6.6"&%$7H"?-2*"(%'6+B2$"3'B"B253.2"2G+B2'(2"3'B"+B236".%"$23(-"3"
(%'62'696"&-+(-";3*"(-3',2"+A"A9$.-2$"2G+B2'(2"%$"52..2$"+'.2$)$2.3.+%'6"
%A"2G+B2'(2"3$2"A%$.-(%;+',H"[9)+:6"+'"R2*"K.3,2"="6-%9:B"52".39,-."35%9."
.-+6F"3'B".-2+$"9'B2$6.3'B+',"%A"-%&"6(+2'.+A+("+B236"B2G2:%)"&+::"52".26.2BH"

W::".-2"5%%6.2$":266%'6")$%G+B2")9)+:6"&+.-"%))%$.9'+.+26".%"2Z):3+'"3'B"
V96.+A*".-2+$"+B236H"?3:7+',"+'")3+$6F"6;3::",$%9)6"3'B"&-%:2"(:366"+6"3"
(%;;%'"A23.9$2"%A"3::".-2":266%'6H"?-2"3BB+.+%'3:";3.2$+3:6"69))%$."
6(+2'(2".23(-2$6"5*")$%G+B+',"A%9$"5%%6.2$":266%'6"&-+(-"A%(96"2Z):+(+.:*"
%'"6(+2'.+A+("2'\9+$*"C:266%'6">=U>_DH"`266%'">L"3+;6"3."3'%.-2$",2'2$3:"
&237'266"+'")9)+:6Q")2$A%$;3'(28".-2+$"35+:+.*".%":+'7"6(+2'.+A+("+B236"
.%,2.-2$"&-2'"B$3&+',"(%'(:96+%'6"3'B"2Z):3+'+',".-2+$"+B236H"?-2"A+'3:"
.-$22":266%'6"C>aU/0D"(%'(2'.$3.2"%'"6%;2"36)2(.6"%A"72*"6(+2'.+A+("+B236"
CB26($+52B"+'".-2"P$3;2&%$7D"&-+(-"(%'.+'92".%"(3962")9)+:6"B+AA+(9:.+26"
3'B"&-+(-"&2$2"'%."69))%$.2B"+'".-2"%$+,+'3:"6(+2'(2"5%%6.2$"7+.H"

?-2".%)+(6"&-+(-".-2"2+,-."3BB+.+%'3:":266%'6"A%(96"%'"3$28"
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>T" JG3:93.+',"2G+B2'(2"

>_" d%&"6(+2'.+6.6"&%$7"

>L" I$3&+',"+'A%$;3.+%'".%,2.-2$"

>a" ^%B2::+',"6%:+BsF":+\9+B6"3'B",3626"

>4" [3$.+(:26"+'"(-2;+(3:"$23(.+%'6"

/0" #%'B9(.+%'F"(%'G2(.+%'F"$3B+3.+%'"3'B"2G3)%$3.+%'"

>";"2(1,/?%0/<"$)*#/<,/?%#/<%)+,22)%,/%).,"/*,@,.%"/A0,$:%

e%%B")$3(.+(2"&+.-+'"6(-%%:6"-36"3:&3*6"-2:)2B")9)+:6"B2G2:%)".-2+$"67+::6"
3'B"9'B2$6.3'B+',"+'"6(+2'.+A+("2'\9+$*H"I2)3$.;2'.6"'22B".%"B2G2:%)".-+6"
;%$2"(%'6+6.2'.:*"6%".-3.")9)+:6"3$2"62(9$2"+'".-2+$"67+::6"3'B"
9'B2$6.3'B+',"3'B"(3'"(%'A+B2'.:*".3(7:2".-2"A9::"$3',2"%A"\926.+%'6"+'".-2"
.26.6H"?23(-+',"3))$%3(-26"3'B"6.$3.2,+26"&-+(-"69))%$.".-+6"+'(:9B2"
)$%G+B+',"%))%$.9'+.+26"A%$")9)+:6".%8"
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@" ?3(7:2"2'\9+$+26"&-+(-"3$2"'%."A3+$".26.6"3'B"&-2$2".-2"%9.(%;26"
;3*"'%."52"(:23$"(9.H"

@" ^372"V9B,2;2'.6"35%9.".-2"G3:+B+.*"%A"B3.3"%$"%.-2$"$269:.6"3'B"-3G2"
.-2"(%'A+B2'(2".%"V96.+A*".-2+$"V9B,2;2'.6"+'".2$;6"%A".-2+$"6(+2'.+A+("
7'%&:2B,2"3'B"9'B2$6.3'B+',H"

@" JG3:93.2".-2"3((9$3(*F"69AA+(+2'(*"3'B"$2:+35+:+.*"%A"$269:.6"3'B"52"
35:2".%"V96.+A*".-2+$"$236%'+',H"

@" JZ.$3)%:3.2"A$%;"B3.3"3'B",+G2"$236%'6"A%$".-2+$"+B236H"

@" N'"6+.93.+%'6"&-+(-";3*"52"9'A3;+:+3$F"-3G2".-2"(%'A+B2'(2".%"B$3&"
%'".-2+$"6(+2'.+A+("7'%&:2B,2"3'B"9'B2$6.3'B+',".%"%AA2$"2Z):3'3.+%'6"
3'B")%66+5:*")$2B+(.+%'6F"3'B",+G2"6%9'B"6(+2'.+A+("$236%'6"A%$".-2;H"

@" `23$'"-%&"6(+2'.+6.6"&%$7"3'B"-%&"6(+2'(2"3BG3'(26".-$%9,-"3"
(%;5+'3.+%'"%A"($23.+G2".-%9,-.F".-%$%9,-"$2623$(-F"and $2A:2(.+%'"%'"
the &%$7"%A"%.-2$6"3'B"%'"3::".-2"2G+B2'(2H"W:6%"recognise .-3."36"'2&"
evidence 52(%;26"3G3+:35:2".-2'".-2"6(+2'.+A+("+B236";3*"-3G2".%"
change to .372".-+6"+'.%"3((%9'.H"

@" #%'A+B2'.:*"3'B"(%$$2(.:*"962"6(+2'.+A+("'3;26"3'B".2$;6".%"
(%;;9'+(3.2".-2+$"+B236H"

B9#/?")%,/%/#*,(/#2%1"$@($3#/."%,/%).,"/."%*")*)%

N'"/00/F"__g"%A")9)+:6",3+'2B":2G2:"T"%$"35%G2"+'"6(+2'(2"+'"R2*"K.3,2"=F"
696.3+'+',".-2"Lg"+;)$%G2;2'.";3B2"+'"/00>H""

N'"R2*"K.3,2"/"+'"/00/F"a_g"%A")9)+:6",3+'2B":2G2:"b"%$"35%G2"+'"6(+2'(2F"
&-+(-"+6"5$%3B:*"+'":+'2"&+.-"3..3+';2'."+'"/00>"CaLgDH"[$262'."123$"4"
)9)+:6".%%7".-2+$"R2*"K.3,2"/".26.6"+'"/000"&-2'"aTg"%A".-2;"3(-+2G2B"3"
:2G2:"b"%$"35%G2"&+.-"=bg"%A".-%62"3(-+2G+',":2G2:"TH"

?-2"'3.+%'3:".3$,2.6"A%$"3..3+';2'."+'".-2"R2*"K.3,2"="6(+2'(2".26.6"3$2"
.-3."+'"/00b"L0g"&+::"3(-+2G2":2G2:"T"%$"52..2$"3'B"+'"/00L".-+6"A+,9$2"&+::"
$+62".%"a0gH""

C$"1#$,/?%101,2)%@($%*9"%*")*)%

W6"2Z):3+'2B"2:62&-2$2"+'".-+6",9+B3'(2F"$2G+6+%'"+6"'%.";2$2:*")$2S.26."
($3;;+',"3'B".-2"5%%6.2$";3.2$+3:6"3$2"'%."B26+,'2B".%"B%".-+6H"?-2*"3$2"
+'.2'B2B".%")$%G+B2")9)+:6"&+.-"3"A9$.-2$"(-3'(2".%"B2G2:%)".-2+$"
7'%&:2B,2"3'B"9'B2$6.3'B+',".-$%9,-"'2&"3'B"+'.2$26.+',".23(-+',"
3))$%3(-26"3'B".-$%9,-".3:7+',"35%9."&-3.".-2*"7'%&H""

1%9"(3'"%AA2$")9)+:6"A9$.-2$"69))%$."5*".23(-+',".-2;"$2G+6+%'".2(-'+\926"
69(-"36"$23B+',".-2+$"'%.26"3'B".-2'"&$+.+',"3"5$+2A"69;;3$*"$3.-2$".-3'"
6+;):2"$23B+',H"I+6.$+59.2"3'B";372"962"%A".-2"O?%)".+)6Q":23A:2."A%$")9)+:6F"
+A"'2(2663$*",%+',".-$%9,-"+."&+.-"+'B+G+B93:6"%$"(:36626H"I+$2(.")9)+:6"
.%&3$B6"%.-2$"6%9$(26"%A"-2:)"69(-"36"(%;;2$(+3::*")$%B9(2B"$2G+6+%'"
5%%7:2.6F"%$".-2"hh#"Oh+.26+i2Q"&256+.2H""

R22)"3"53:3'(2"+'"&-3."*%9"B%"&+.-"3'B"A%$")9)+:6H"c2"3::"&3'.".-2;".%"52"
36"69((266A9:"36".-2*"(3'"59."$2G+6+%'"%$"5%%6.2$"&%$7";96."'%."52"3'"



undue burden or demotivating. Make the learning fun, allow pupils to
explore their own understanding and correct any misunderstandings that 
this reveals. Be ambitious for their success and share your ambitions with
them. In this way pupils will not just do as well as possible in the Key
Stage 3 tests but will approach science in Key Stage 4 with enthusiasm
and commitment.
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N#,/%#.*,;,*:% O5HO4%3,/0*")%

P.*,;,*:%E"C>0";+'9.26DH"?-2"3+;"%A".-2"3(.+G+.*"+6"A%$")9)+:6".%":23$'"-%&".%"
+'.2$)$2."B3.3H"e+G2"%9."(%)+26"%A"9#/<(0*%FE7J7"3'B"2Z):3+'"+'"B2.3+:"-%&"
*%9"&%9:B"+'.2$)$2.".-2",$3)-H"J'69$2"*%9"+'(:9B2".-2".+.:2F"3Z+6F"6(3:2"%A"
.-2"3Z+6F"3'B".*)2"%A",$3)-".-3."-36"522'"B$3&'F"3'B"&-2.-2$"+."+6"3":+'2"%A"
526."A+."3'B"&-2.-2$".-2$2"3$2"3'*"3'%;3:%96"$269:.6H"W:6%"2Z):3+'".-2"
.-+'7+',")$%(266"*%9"&%9:B"962"+'"3'6&2$+',".-2"\926.+%'6H"1%9";3*"A+'B"
+."-2:)A9:".%";372"3'"]d?"%A".-2",$3)-"%'"K>=H=H"

P.*,;,*:%4"C>T";+'9.26DH"e+G2"%9."(%)+26"%A"9#/<(0*%FE7JO".%")3+$6"%A"
)9)+:6"3'B"6-%&".-2;".-2"B2;%'6.$3.+%'"62."%A"3))3$3.96H"?2::".-2;".%"
&%$7".%,2.-2$".%"3'6&2$".-2"\926.+%'6H"K3*".-3."*%9"&+::"'%."V96."52"
:%%7+',"A%$"(%$$2(."3'6&2$6"59.".-3.".-2*"6-%9:B"52")$2)3$2B".%"2Z):3+'"
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(:23'"&3.2$E"%'2"&+.-"63'B"
3BB2BE".-2":36."&+.-";9BB*".3)"
&3.2$"3'B"6;3::"696)2'B2B"5+.6"
%A"$955+6-"

W"69)):*"%A"(%:%9$2B")2'6"%$"
)2'(+:6"

d3'B%9."%A"K>TH>"C%'2"23(-D"

d3'B%9."%A"K>TH/"C%'2")2$")3+$D"

T:%*9"%"/<%(@%*9"%2"))(/%
)9)+:6"6-%9:B"52"35:2".%-%
@" +B2'.+A*"3'B"V96.+A*"&-2.-2$"

$269:.6"3$2"$2:+35:2"
@" +B2'.+A*"3'B"V96.+A*"&-2'"

$269:.6"3$2"3((9$3.2"2'%9,-"
@" +B2'.+A*"3'B"V96.+A*"&-2'"

2'%9,-"$269:.6"-3G2"522'"
(%::2(.2B"

C()),'2"%@(22(UV01%#.*,;,*,")%
($%9(3"U($+%

?2::".-2"(:366".%"&3.(-"3"
.2:2G+6+%'")$%,$3;;2"69(-"36"
I(1($$(2J)%K($E9"3'B"'%.2"
23(-".+;2"$2:+35:2F"3((9$3.2F"
6(+2'.+A+("2G+B2'(2"+6",+G2'H"W67"
)9)+:6".%"52"$23B*".%"2Z):3+'"
&-3.".-2*"A%9'B"+'".-2"'2Z."
:266%'H"
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C2"/#$:%#/)U"$)%

E""

!"#$%"&%'$()&*'%!$#+$,-./,$%
"&%01% 2'.%.,3% 4&*%.,3% 5$-&%

6% 674% 689% 68:%

4:% ;<6% 4=6% ;4:%

;6% 48:% ;84% ;42%

6:% 47:% ;99% ;4=%

%

!"#$%"&%'$()&*'%!$#+$,-./,$%
"&%01% 2'.%.,3% 4&*%.,3% ;,*%.,3% 5$-&%

6% 674% 689% 644% 66=%

4:% ;<6% 4=6% 6;:% ;<:%

;6% 48:% ;84% 42:% 49=%

6:% 47:% ;99% 9:2% =9;%

%

!"#$%"&%'$()&*'%!$#+$,-./,$%
"&%01% 2'.%.,3% 4&*%.,3% ;,*%.,3% =.>%.,3% 5$-&%

6% 674% 689% 644% ;;:% =<9%

4:% ;<6% 4=6% 6;:% ;89% ;98%

;6% 48:% ;84% 42:% 249% 4=6%

6:% 47:% ;99% 9:2% 822% 6=:%
%

4" C3D" 3A.2$"%'2"$23B+',"" T0"o#"C/_0"6D"

" C5D" 3A.2$".&%"$23B+',6"" /0"o#"C=/0"6D"

" C(D" 3A.2$".-$22"$23B+',6" =T"o#"C/ab"6D"

" CBD" 3A.2$"A%9$"$23B+',6"" =T"o#"C/bT"6D"

7" ]':*"3.".-2"A%9$.-"62."&36".-2$2"(%'6+6.2'(*"%A"$269:."C'%."
;2369$2;2'.D"&+.-".-2")$2G+%96"$269:.H"

O" ?-2"62(%'B",$%9)"3(-+2G2B"(%'6+6.2'(*"+'".-2+$"$269:.6H"

G" f2)23.".-2"2Z)2$+;2'."3."%.-2$".2;)2$3.9$26"52.&22'"/0"o#"3'B""
T0"o#H"
N,'%$2"3'*"$269:.6".-3."3$2"%5G+%96:*"3'%;3:+26"CA:9726DH"
#%;)3$2".-2")3..2$'6"+'".-2"$269:.6"A%$"23(-",$%9)"+'".-2"(:366H"
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8#*"$%)#312,/?%#*%'"#.9")% % FEGJE%

f23B".-2"A%::%&+',"2Z.$3(."A$%;".-2"J'G+$%';2'."W,2'(*Q6")$%(2B9$2"A%$"
63;):+',"&3.2$"3$%9'B"h$+.3+'Q6"(%36.H"m62".-$22"B+AA2$2'."(%:%9$2B"
)2'(+:6"3'B";372"9)"3"72*"C(%:%9$"+'".-2"6\93$26D"A%$"+B2'.+A*+',"&%$B6"
.-3."B26($+52"&-2'".-2".2(-'+\926"3$28"

!"" f2:+35:2"C.-2"$269:.6"&%9:B"52"(%'6+6.2'."+A"$2)23.2BD"

!"" W((9$3.2"C.-2"$269:.6"3$2")$2(+62"3'B"(%$$2(.D"

!"" K9AA+(+2'."C.-2$2"3$2"2'%9,-"$269:.6".%",+G2"(%'A+B2'(2"+'".-2"(%'(:96+%'6D"

T#*9,/?%U#*"$%<,$".*,;"%

K.3'B3$B6"3$2"62.".%"2'69$2".-2")$%.2(.+%'"%A"53.-2$6H"?-2"standards
366266 the number of coliforms in the"&3.2$H"#%:+A%$;6"are bacteria, which
are 962B"36"3'"+'B+(3.%$"Aor")%::9.+%'H"?-2"(%:+A%$;6 themselves do not cause"
-23:.-")$%5:2;6"59."+'B+(3.2"&-2.-2$"'23$5* sewage outfalls are being"
(%'.$%::2BH""

?-2"6.3'B3$B6"3$28"

@" 4Tg"%A".-2"63;):26";96."'%."2Z(22B >0"000".%.3:"(%:+A%$;6")2$">00";:E"3'B"

@" 4Tg"%A".-2"63;):26";96."'%."2Z(22B"/000"A32(3:"(%:+A%$;6")2$">00";:H""

N'"%$B2$"A%$"53.-+',"&3.2$".%"(%;):*F"4Tg"%A".-2"63;):26"C+H2H"3.":236.">4"
%9."%A".-2"/0".372'D";96.";22.".-262"6.3'B3$B6F"):96"%.-2$"($+.2$+3H"

CP32(3:"(%:+A%$;6"3$2".-%62"53(.2$+3".-3."3$2")$262'."36"3"B+$2(."$269:."%A"
-9;3'"A32(26"52+',"B9;)2B"+'.%".-2"623HD"

F#312,/?%#/<%*9"%.(22".*,(/%(@%<#*#%

?-2"53.-+',"6236%'"C&-+(-"+6".-2")2$+%B".%"&-+(-"53.-+',"&3.2$"6.3'B3$B6"
3)):*D"+'"J',:3'B"3'B"c3:26"-36"522'"62."36"6.3$.+',"%'">T"^3*"3'B"
(%'.+'9+',"9'.+:"=0"K2).2;52$H"?-2"J'G+$%';2'."W,2'(*"+6"$2\9+$2B".%"
52,+'"63;):+',".&%"&2276"52A%$2".-2"53.-+',"6236%'"3'B".%"63;):2"
$2,9:3$:*".-$%9,-%9.".-2"6236%'H"?-2";+'+;9;"63;):+',"A$2\92'(*"+6"
%'(2")2$"A%$.'+,-."59.".-2"J'G+$%';2'."W,2'(*"-36"3")%:+(*"%A".37+',"
3.":236."/0"63;):26"B9$+',".-2"53.-+',"6236%'H"?-+6"+6"2\9+G3:2'.".%"%'2"
63;):2"3"&227H"K3;):26"3$2".372'"3.".-2"63;2"6)%."+'".-2"53.-+',"&3.2$"
%'"23(-"63;):+',"%((36+%'"3."3"B2).-"%A"=0"(;F".%"2'69$2"(%'6+6.2'(*H"
?-2"63;):2")%+'."-36"522'"62.".%"$2A:2(.".-2"3$23"$2,9:3$:*"962B"5*".-2"
-+,-26."B2'6+.*"%A"53.-2$6H"
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J3(-"63;):2"+6"3'3:*62B"A%$".%.3:"(%:+A%$;6F"A32(3:"(%:+A%$;6"3'B"A32(3:"
6.$2).%(%((+"C3'%.-2$"7+'B"%A"53(.2$+3".-3."+6"962B"36"3'"+'B+(3.%$DH"W"
;2369$2"%A".-2".$3'6)3$2'(*"C%$".9$5+B+.*D"%A".-2"&3.2$"+6"3:6%";3B2H"]'"
23(-"63;):+',"%((36+%'".-2"&3.2$"+6"3:6%"(-2(72B"A%$"9'9693:"(%:%9$F"3'B"
for .-2")$262'(2"%A";+'2$3:"%+:6F"69$A3(2S3(.+G2"3,2'.6"C;3'9A3(.9$2B"
6956.3'(26".-3.";372".-2"&3.2$"A%3;D"3'B")-2'%:6"C3'"+'B96.$+3:"
(-2;+(3:DH"P9$.-2$"(-2;+(3:"3'3:*6+6"+6")2$A%$;2B"+A"+."+6"52:+2G2B".-3."
.-262"6956.3'(26";3*"52")$262'."+'".-2"53.-+',"&3.2$H"J3(-"53.-+',"
&3.2$":%(3.+%'"+6"63;):2B"%'(2"23(-"6236%'"A%$")d"C3".26."A%$"3(+B+.*DH"NA"
3'*"53.-+',"&3.2$"-36"'%."(%;):+2B"&+.-".-2"(%:+A%$;"6.3'B3$B6"+'".-2"
)$2G+%96"6236%'".-2'".&%"63;):26"3$2".372'"A%$"63:;%'2::32"C3"53(.2$+3:"
+'B+(3.%$"A$%;"5%.-"3'+;3:"3'B"-9;3'"6%9$(26D"3'B".&%"A%$"2'.2$%G+$96"
3'3:*6+6"C&-+(-"+'B+(3.26"-9;3'"62&3,2")%::9.+%'DH"

?-2$2"+6"3"$+67".-3."6%;2"53.-+',"&3.2$6"&+::")366"+'"%'2"*23$"3'B"A3+:"+'"
3'%.-2$F"B92".%".-2"$2:3.+G2:*"6;3::"'9;52$"%A"63;):26".372'F"2G2'".-%9,-"
.-2+$"\93:+.*"%A"&3.2$"-36"'%."6+,'+A+(3'.:*"(-3',2BH"#-3',26"+'"\93:+.*"(3'"
%((9$"A$%;"*23$".%"*23$"36"3"$269:."%A"B+AA2$2'(26"+'".-2"&23.-2$H"

@" a_g"%A"(%36.3:"53.-+',"&3.2$6"(%;):+2B"23(-"*23$"A$%;">444".%"
/00>F"(%;)3$2B"&+.-"%':*"TLg"+'">4aa".%">440H"

@" ?-2")2$(2'.3,2"%A"53.-+',"&3.2$6"(%'6+6.2'.:*"A3+:+',"-36"522'"
$2B9(2B".%"0HTg"A$%;">=g"%G2$".-2"63;2")2$+%BH"

?-2"63;):+',"$269:.6"3$2"3G3+:35:2".%".-2")95:+("%'".-2"J'G+$%';2'."
W,2'(*"&256+.2"3."http://216.31.193.171/asp/1_introduction.aspH"e%".%".-2"62(.+%'"
(3::2B"O1%9$"2'G+$%';2'.QF"(:+(7"%'"Oc-3.Q6"+'"*%9$"53(7*3$BkQ"3'B":%%7"A%$"
53.-+',"&3.2$"B3.3";3)6F"2.(H"
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P*%U9#*%*"31"$#*0$"%<(%"/c:3")%U($+%'")*=% FEGJ4%

c%$7+',"+'")3+$6F"$23B".-$%9,-".-+6"-3'B%9."3'B"3'6&2$".-2"\926.+%'6"3."
.-2"2'BH"1%9";3*"A+'B"(3:(9:3.%$6"-2:)A9:H""

e$%9)6"%A")9)+:6"&2$2"+'G26.+,3.+',"3."&-3.".2;)2$3.9$2"3;*:362"B+,26.6"
6.3$(-"\9+(726.H"]'2",$%9)".$+2B".-2+$".26."A%9$".+;26"52(3962".-2*"&2$2'Q."
69$2"-%&",%%B".-2+$"$269:.6"&2$2H"?-2+$"$269:.6"3$2"+'".-2".35:26"52:%&H"
?-2"A+$6.".35:2"+6"(%;):2.2"3'B"6-%&6".-2+$"$269:.6"3A.2$"%'2",%H"

"

?+;2"+'"
62(%'B6"

?2;)2$3.9$2"
+'"o#"

>6.".$*"

T" T_/"

/0" =4T"

=T" /L0"

T0" /_0"

%

?+;2"+'"62(%'B6"?2;)2$3.9$2"
+'"o#"

>6.".$*" /'B".$*" ^23'"

T" T_/" TLa" "

/0" =4T" /bT" "

=T" /L0" =L/" "

T0" /_0" =aa" "

%

?+;2"+'"62(%'B6"?2;)2$3.9$2"
+'"o#"

>6.".$*" /'B".$*" =$B".$*" ^23'"

T" T_/" TLa" T//" "

/0" =4T" /bT" T=0" "

=T" /L0" =L/" />0" "

T0" /_0" =aa" a0>" "

%

?+;2"+'"62(%'B6"?2;)2$3.9$2"
+'"o#"

>6.".$*" /'B".$*" =$B".$*" b.-".$*" ^23'"

T" T_/" TLa" T//" ==0" "

/0" =4T" /bT" T=0" =La" "

=T" /L0" =L/" />0" >/a" "

T0" /_0" =aa" a0>" L>>" "
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W0")*,(/)%

E" c%$7"%9.".-2";23'6"A%$"23(-".2;)2$3.9$2"+'".-2"%.-2$".-$22".35:26H"

4" W."&-+(-".2;)2$3.9$2"B%26".-2"2'i*;2"&%$7"A36.26.8"

" C3D" 3A.2$"%'2"$23B+',k"

" C5D" 3A.2$".&%"$23B+',6k"

" C(D" 3A.2$".-$22"$23B+',6k"

" CBD" 3A.2$"A%9$"$23B+',6k"

" ?+(7".-2"62."%A"$269:.6".-3."*%9".-+'7",+G26".-2"526."2G+B2'(2H"JZ):3+'"
*%9$"(-%+(2H"

7" c-*"B+B".-2",$%9)"722)",%+',"9'.+:".-2"A%9$.-"62."%A"$23B+',6k"

O" W'%.-2$",$%9)",%.".-+6"62."%A"$269:.6H"

?+;2"+'"62(%'B6"?2;)2$3.9$2"+'"
o#"

>6.".$*" /'B".$*" =$B".$*" ^23'"

T" b0/" b/T" b=4" b//"

/0" =b_" =_4" =a=" =__"

=T" >4b" />L" /=>" />b"

T0" _/0" _b=" _TL" _b0"

" c-*"B+B".-+6"62(%'B",$%9)".-+'7".-2*"B+B'Q."'22B"3"A%9$.-"62."%A"
$23B+',6k"

G" c-+(-"%A".-262"+B236"&%9:B",+G2".-2"(:366";%$2"$2:+35:2"2G+B2'(2k"
?+(7".-2"$+,-."%'26H"

" !" m62";%$2"3((9$3.2".-2$;%;2.2$6H"

" !" WBB"3::".-2"(:366",$%9)6Q"$269:.6".%,2.-2$".%",2."52..2$"3G2$3,26H"

" !" I%".2'".$+26"3."23(-".2;)2$3.9$2".%",2."3";%$2"3((9$3.2"3G2$3,2H"

" !" f2)23.".-2"2Z)2$+;2'."3.".2;)2$3.9$26"52:%&"T"o#H"

" !" f2)23.".-2"2Z)2$+;2'."3.".2;)2$3.9$26"35%G2"T0"o#H"

" !" f2)23.".-2"2Z)2$+;2'."3."%.-2$".2;)2$3.9$26"52.&22'"/0"o#"3'B"T0%o#H"

" !" N,'%$2"3'*"$269:.6".-3."3$2"%5G+%96:*"3'%;3:+26"CA:9726DH"

" !" #%;)3$2".-2")3..2$'6"+'".-2"$269:.6"A%$"23(-",$%9)"+'".-2"(:366H"

" JZ):3+'"*%9$"$236%'6H"
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D"))(/%EY% L(U%).,"/*,)*)%U($+%

F*#$*"$% EG%3,/0*")%

W$$3',2")9)+:6"+'",$%9)6"%A".-$22F"23(-",$%9)"-3G+',"3"62."%A"(3$B6";3B2"
A$%;"9#/<(0*%FEYJEH"J3(-"(3$B"-36"3"\926.+%'H"?2::".-2")9)+:6".%"6%$.".-2"
(3$B6"+'.%".-$22"(3.2,%$+268""

>" \926.+%'6".-3."(3'"52"6(+2'.+A+(3::*"+'G26.+,3.2BE"

/" \926.+%'6".-3."(3''%."52"6(+2'.+A+(3::*"+'G26.+,3.2BE"

=" \926.+%'6".-3.".-2*"3$2"9'69$2"35%9.H"

?2::".-2")9)+:6".-3.".-2*";96."B2(+B2"36"3",$%9)"35%9."23(-"\926.+%'"3'B"
52"35:2".%"2Z):3+'".-2+$"$236%'+',H"W::%&">0";+'9.26F"B9$+',"&-+(-".+;2"
*%9"6-%9:B"(+$(9:3.2"3'B":+6.2'".%".-2"B+6(966+%'H"?-2'".372"A22B53(7"A$%;"
.-2",$%9)6F"2Z):%$+',")3$.+(9:3$:*"\926.+%'6"&-2$2".-2$2"+6"B+63,$22;2'."
%G2$".-2"(3.2,%$*H"

JZ.2'6+%'8")9)+:6"(%9:B"A9$.-2$"(:366+A*",$%9)">"\926.+%'6"+'.%"B+AA2$2'."
(3.2,%$+26"%A"6(+2'.+A+("2'\9+$*"96+',"9#/<(0*%FEYJ4"&-+(-"+B2'.+A+26"6+Z"
.*)26H"1%9"&+::"'22B".%"2Z):3+'"%$"$2;+'B")9)+:6"35%9.".-262"6+Z".*)26"%A"
6(+2'.+A+("2'\9+$*"52A%$2".-2*"52,+'".-2".367H"

N#,/%#.*,;,*:% 75%3,/0*")%

?2::")9)+:6".%"(%'.+'92"&%$7+',"+'",$%9)6"%A".-$22H"e+G2"%9."62.6"%A"
(%:%9$2B")2'(+:6"3'B"9#/<(0*%FEYJ7"&-+(-"+'(:9B26".-2"+'6.$9(.+%'6"A%$"
.-2".367"3'B".-2".2Z.H"e%".-$%9,-".-2".367"52A%$2".-2")9)+:6"52,+'H"
#+$(9:3.2"3;%',".-2",$%9)6":+6.2'+',".%".-2"B+6(966+%'"3'B"367+',"
\926.+%'6"36"3))$%)$+3.2H"?-+6"&+::"3::%&"*%9".%"+B2'.+A*"3$236"%A"
9'(2$.3+'.*"%$";+69'B2$6.3'B+',H"W::%&"/0";+'9.26"A%$".-2",$%9)6".%"
(%;):2.2".-2"3(.+G+.*H"?372"A22B53(7"5*"367+',",$%9)6"+'".9$'".%";3$7"3"
;36.2$"(%)*"%A".-2".2Z."2+.-2$"%'"3'"]d?"%$"on 3")3)2$"G2$6+%'"2':3$,2B"
to W=H"J'69$2".-3."23(-",$%9)"2Z):3+'6".-2+$"$236%'+',"3'B"3::%&".+;2"A%$"
%.-2$")9)+:6".%"367"\926.+%'6H"WG%+B".-2")9$69+."%A"(%$$2(."3'6&2$6"59."
2;)-36+62".-2"'22B"A%$"6%9'B"$236%'+',H"W."3::".+;26"2'(%9$3,2")9)+:6".%"
)$%'%9'(2".-2"'3;26"%A".-2"6(+2'.+6.6"3'B"3'*"6(+2'.+A+(".2$;6"(%$$2(.:*."

C2"/#$:% EG%3,/0*")%

e+G2"2G2$*")9)+:"3"(%)*"%A"-3'B%9."FEYJO"&-+(-"-36".-2"'3;26"%A"6%;2"
%A".-2"6(+2'.+6.6";2'.+%'2B"23$:+2$"+'".-2":266%'H"W67"23(-")9)+:".%"$2(3::"
.-2".2Z."+'".-2";3+'"3(.+G+.*"3'B"to &$+.2"6%;2"5$+2A"&%$B6"%$"'%.26".%"2Z):3+'"
-%&"%'2"%$".&%"6(+2'.+6.6"&%$72BH"?%"(%G2$".-2"&-%:2":+6."*%9";3*"&+6-".%"
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(2'.9$*"(-2;+6.6"&2$2"B%+',":%.6"%A"(3$2A9:";2369$+',"3'B"systematic,
$2)23.2B"2Z)2$+;2'.6".%"(%::2(."B3.3"35%9."-%&".-262 elements reacted"
&+.-"23(-"%.-2$F".-2+$";2:.+',")%+'.6"3'B"5%+:+',")%+'.6"and their electrical
)$%)2$.+26H"
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K(+2'.+6.6"&2$2"52,+''+',".%":%%7"A%$")3..2$'6"3'B";372")$2B+(.+%'6"35%9."
$23(.+%'6H"?-2*"7'2&".-3.":+.-+9;F"6%B+9;"3'B")%.366+9;"$23(.2B"+'"G2$*"
6+;+:3$"&3*6E".-3."(3:(+9;F";3,'26+9;F"53$+9;"3'B"6.$%'.+9;"-3B"G2$*"
6+;+:3$")$%)2$.+26E"3'B".-3."(-:%$+'2F"5$%;+'2"3'B"+%B+'2"$23(.2B"6+;+:3$:*H"

h*">a_0".-2"A+$6."+'.2$'3.+%'3:"(-2;+6.$*"(%'A2$2'(2".%%7"):3(2"+'"
e2$;3'*H"K(+2'.+6.6"6-3$2B"+'A%$;3.+%'"3'B"B2G2:%)2B".-2".-2%$*".-3."
2:2;2'.6"&2$2";3B2"%A"6;3::"+'G+6+5:2"3.%;6H"K%;2"T0".%"_0"2:2;2'.6"
&2$2"7'%&'"3'B"6(+2'.+6.6"-3B"6.3$.2B".%"&%$7"%9."-%&";9(-".-2*"
&2+,-2B"&-2'"(%;)3$2B"&+.-"23(-"%.-2$E".-+6"&36"%'2"%A".-2"72*6".%"
B2G2:%)+',".-2")2$+%B+(".35:2H"

N'">a_4"3"f966+3'"(3::2B"I;+.$+"^2'B2:22G"A%9'B"%9."3::"-2"(%9:B"35%9."
2G2$*"%'2"%A".-2"_="7'%&'"2:2;2'.6H"d2"&$%.2"3"(3$B"A%$"23(-"%'2"3'B"
3$$3',2B".-2;"+'"%$B2$"%A".-2+$"3.%;+(";36626H"d2".-2'"$23$$3',2B".-2;"
6%".-3."2:2;2'.6"&+.-"6+;+:3$")$%)2$.+26"&2$2"+'",$%9)6"9'B2$"23(-"%.-2$H"
?-+6":2A."-+;"&+.-"3"'9;52$"%A",3)6"+'"-+6".35:2H"?-2"'2Z."6.2)"-2".%%7"&36"
.%")$2B+(.".-3.".-262",3)6"&%9:B"52"A+::2B"5*"'2&,"9'B+6(%G2$2B"2:2;2'.6H"
d2"2G2'")$2B+(.2B".-2+$"(%:%9$6F";36626"3'B")$%)2$.+26H"W":%."%A"%.-2$"
6(+2'.+6.6".-%9,-."-2"&36"($3i*"9'.+:"6+Z"*23$6":3.2$F"+'">aLTF"when 3"
P$2'(-;3'F"B2"h%+6539B$3'F"B+6(%G2$2B".-2"2:2;2'.",3::+9;".-3."-3B"3::"
.-2")$%)2$.+26"^2'B2:22G"-3B")$2B+(.2B"3'B"A+..2B"+'.%".-2",3)"-2"-3B":2A."
+'"-+6".35:2"9'B2$"3:9;+'+9;H"N'">aa_"3'%.-2$"%A".-2")$2B+(.2B"2:2;2'.6F"
,2$;3'+9;F"&36"A%9'B"5*"c+'7:2$F"3"e2$;3'H"N."A+..2B"+'".-2"6)3(2":2A."
52.&22'"6+:+(%'"3'B".+'H"K%%'"3A.2$F"3'%.-2$".-2'"3'%.-2$"%A"^2'B2:22Gq6"
)$2B+(.2B"2:2;2'.6"&36"A%9'B"3'B"6(+2'.+6.6"52,3'".%".372"-+6"&%$7"
62$+%96:*H"

^2'B2:22G"B+B"'%."7'%&"&-*".-2"2:2;2'.6"6-%&2B".-+6")3..2$'H"N."&36"'%."
9'.+:".-2"'3.9$2"%A".-2"+'G+6+5:2"3.%;6"&36"$2G23:2B"+'".-2"/0.-"(2'.9$*"5*"
.-2"(3$2A9:F"6*6.2;3.+(F"(%'.$%::2B"&%$7"%A"^3$+2"#9$+2F"J$'26."f9.-2$A%$BF"
M+2:6"h%-$"3'B";3'*"%.-2$"$2623$(-"6(+2'.+6.6".-3."&2"began".% understand"
-%&".-2")2$+%B+(".35:2"&%$76H"c2"'%&"7'%&"35%9.";%$2".-3' a hundred"
B+AA2$2'."2:2;2'.6"3'B"&%$7"+6"6.+::",%+',"%'".$*+',".%"A+'B"6%;2 of the"
-23G+26.F"9'6.35:2"%'26H"

"
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N916=4A96;H9FF3G4
3CK3H1236;?45<>1H4;3?;16=7

8?P16=4U:3?;196?4>6G4
2>P16=4KH3G1A;196?

BCKF>1616=41G3>?4
:?16=429G3F?

VG36;1<O16=4>6G4AF>??1<O16=4
2>;3H1>F?W49TX3A;?49H4

F1@16=49H=>61?2?

6+7'/.(&$2(/2/'7+18'
#$,'5($,'&0(,&$.&

/3>G16=4>T9:;41G3>?49<4
9;J3H?45?3A96G>HO4?9:HA3?7

86>FO?16=4G>;>4>6G4
16<9H2>;1964;94

KH9G:A34A96AF:?196?4
>6G4G3@3F9K429G3F?

M>HHO16=49:;4?:H@3O?4
>6G4A9HH3F>;196?

0J16P16=4AH3>;1@3FO4;9
G3@3F9K463Q41G3>?

"
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L(U%).,"/*,)*)%U($+"<% % FEYJO%

F.,"/*,)*% L(U%*9":%U"$"%U($+,/?%

J;)2B%(:26" "

d2''+,"h$3'B" "

f%52$."h%*:2" "

e2%$,"K.3-:" "

X%62)-"[$+26.:2*" "

W'.%+'2"`3G%+6+2$" "

d9;)-$*"I3G*" "

I;+.$+"^2'B2:22G" "

^3$+2"#9$+2" "
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[2"3"/*#2%9,)*($:% % FEYJG%

?-2".35:2"52:%&",+G26"*%9"+'A%$;3.+%'"35%9."&-2'"B+AA2$2'."2:2;2'.6"
&2$2"B+6(%G2$2B"3'B"&-%"B+6(%G2$2B".-2;H"

?-2$2"3$2".&%".3676H"

@" K%$.".-2"2:2;2'.6"+'.%"B3.2"%$B2$H"K.3$."&+.-".-%62"7'%&'"+'"3'(+2'."
.+;26"9)".%".-%62"B+6(%G2$2B"+'".-2"/0.-"(2'.9$*H"W$2".-2$2"3'*"
)3..2$'6"+'".-2"B3.3".-3.":+'7".%".-2")2$+%B+(".35:2k"

@" #-%o62"B+AA2$2'."(%:%9$6".%"$2)$262'."B+AA2$2'."(%9'.$+26H"^372"3"72*"
%'"3")2$+%B+(".35:2"3'B".-2'"6-3B2"+'".-2"2:2;2'.6"3((%$B+',".%".-2"
nationality of the discovererH"

?%"A+'B"%9.";%$2"G+6+."&&&H&252:2;2'.6H(%;<&252:2;2'.6<6(-%:3$"

"

F:3'(2% >,).(;"$"<%,/% >,).(;"$"<%':% d#*,(/#2,*:%

d" >La=" `3G%+6+2$" P$2'(-"

d2" >a_a" `%(7*2$" J',:+6-"

`+" >a>L" W$AG2B6%'" K&2B+6-"

h2" >L4L" p3u\92:+'"" P$2'(-"

h" >a0a" I3G*<e3*S`9663(/"
?-2'3$B                             French"

J',:+6-<P$2'(-/"

#" R'%&'"6+'(2"3'(+2'.".+;26"

" >LL4" K(-22:2"C,$3)-+.2D" e2$;3'"

" >a>b" I3G*"CB+3;%'BD" J',:+6-"

M" >LL/" f9.-2$A%$B" K(%..+6-"

]" >LLb" [$+26.:e*<K(-22:2" J',:+6-<e2$;3'"

P" >aa_" ^%+663'" P$2'(-"

M2" >a4a" f3;63*/Travers  Scottish/J',:+6-"

M3" >a0L" I3G*" J',:+6-"

^," >a0a" I3G*" J',:+6-"

W:" >a/T" ]2$6.2B" I3'+6-"

K+" >a/b" h2$i2:+96" K&2B+6-"

[" >__4" h$3'B" e2$;3'"
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F:3'(2% >,).(;"$"<%,/% >,).(;"$"<%':% d#*,(/#2,*:%

K" R'%&'"6+'(2"3'(+2'.".+;26"

#:" >a>0" I3G*" J',:+6-"

W$" >a4b" f3*:2+,-<f3;63*" J',:+6-/Scottish"

R" >a0L" I3G*" J',:+6-"

#3" >a0a" I3G*" J',:+6-"

K(" >aL4" M+:6%'" K&2B+6-"

?+" >L4>" e$2,%$" J',:+6-"

p" >a0>" I2:"f+%" Spanish"

#$" >L4L" p3u\92:+'" P$2'(-"

^'" >LLb" e3-'" K&2B+6-"

P2" >=00U>/00h#" ?-2"d+..+.26"

#%" >L=4" h$3'B." K&2B+6-"

M+" >LT>" #$%'6.2B." K&2B+6-"

#9" R'%&'"6+'(2"3'(+2'.".+;26"

r'" >T00" ^3$,,$3A" e2$;3'"

e3" >aLT" d2" h%+6539B$3'" P$2'(-"

e2" >aa_" c+'7:2$" e2$;3'"

W6" R'%&'"6+'(2"3'(+2'.".+;26"

K2" >a>L" h2$i2:+96" K&2B+6-"

h$" >a/_" h3:3$B" P$2'(-"

R$" >a4_" f3;63*/"?$3G2$6" Scottish/J',:+6-"

f5" >a_>" h9'62'/"R+$(--%AA" e2$;3'"

K$" >L40" #$3&A%$B" K(%..+6-"

r$" >La4" R:3)$%.-" e2$;3'"

M5" >a0>" d3.(-2.." J',:+6-"

^%" >L78" K(-22:2" e2$;3'"

[5" R'%&'"6+'(2"3'(+2'.".+;26"

f9" >abb" R:396" f966+3'"
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F:3'(2% >,).(;"$"<%,/% >,).(;"$"<%':% d#*,(/#2,*:%

f-" >a0=" c%::36.%'" J',:+6-"

W," R'%&'"6+'(2"3'(+2'.".+;26"

#B" >a>L" K.$%-;2*2$" e2$;3'"

K'" R'%&'"6+'(2"3'(+2'.".+;26"

K5" R'%&'"6+'(2"3'(+2'.".+;26"

?2" >L98 Klaproth"" German"

N" >a>>" #%9$.%+6" P$2'(-"

#6" >a_0" h9'62'F"R+$(--%AA" e2$;3'"

h3" >a0a" I3G*" J',:+6-"

dA" >4/=" #%6.2$F"d2G26*" I3'+6-"

?3" >a0/" J7252$," K&2B+6-"

c" >La=" B2"J:-9*3$" K)3'+6-"

]6" >a0=" ?2''3'." J',:+6-"

[." >L=T" B2"m::%3" Spanish"

W9" R'%&'"6+'(2"3'(+2'.".+;26"

d," R'%&'"6+'(2"3'(+2'.".+;26"

P$" >4=4" "[2$2*" P$2'(-"

f3" >a4a" P. and ^. #9$+2""        French<Polish"

[%" >a4a" ^. #9$+2" [%:+6-"

#2" >a0T" p39\92:+'" P$2'(-"

[$" >aaT" v%'"c2:653(-" W96.$+3'"

m" >La4" R:3)$%.-" e2$;3'"

h7" >4b4" e-+%$6%F"?-%;)6%'F"
K235%$,"

W;2$+(3'"

W;" >4bb" K235%$,F"e-+%$6%F"
X3;26F"^%$,3'"

W;2$+(3'"

1" >L4b" e3B%:+'" P+''+6-"

J9" >40>" I2;3$ça* P$2'(-"

h-" >4a>" Wr;5$96.2$F"̂ 9'i2'52$g" e2$;3'"
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D"))(/%EZ% >$#U,/?%,/@($3#*,(/%*(?"*9"$%

F*#$*"$% E5HEG%3,/0*")%

N'.$%B9(2".-2":266%'"%5V2(.+G26H"

e+G2"23(-")9)+:"3",$22'"3'B"3"$2B"(3$B"36"962B"+'"5%%6.2$":266%'"aH"f23B"
%9.".-2".$92<A3:62"6.3.2;2'.6"C622"52:%&D"3'B",%".-$%9,-".-2"\9+i"3."3"
,%%B")3(2H"[%+'."%9.".-3.".-2"\926.+%'6"3$2"5%.-"6(+2'.+A+("3'B"%A"2G2$*B3*"
+;)%$.3'(2H"[9)+:6"6-%9:B"B$3&"%'"7'%&:2B,2"A$%;".-2+$":266%'6"3'B"A$%;"
&-3.".-2*";+,-."-3G2"622'"%'".2:2G+6+%'F"A%$"2Z3;):2H"J'69$2"3::")9)+:6"
)3$.+(+)3.2"5*"6-%&+',".-2+$"62:2(.2B"(3$B8",$22'"A%$".$92"3'B"$2B"A%$"A3:62H"
?372"3":+..:2".+;2"3.".-2"2'B".%"B+6(966"3'*"6.3.2;2'.6".-3.",3G2")3$.+(9:3$"
B+AA+(9:.*H""

N#,/%#.*,;,*:% 75H7G%3,/0*")%

?2::".-2")9)+:6".%"&%$7"+'")3+$6H"W::%(3.2"to 23(-")3+$"%'2"6.3.2;2'."A$%;"
9#/<(0*%FEZJEH"NA"*%9".-+'7"+."3))$%)$+3.2"*%9"(%9:B"3:6%")$%G+B2".-2"
)-*6+(3:"2Z3;):26"%$"2\9+);2'.H"I+6.$+59.2".%"23(-")3+$"3"(%)*"%A"
9#/<(0*%FEZJ4"3'B".2::".-2;".%"(%;):2.2".-2"6-22."5*"&$+.+',"B%&'".-%62"
.-+',6".-2*"7'%&F".-%62".-+',6".-2*".-+'7F"3'B".-2"2G+B2'(2"%$"$236%'6"A%$"
.-262H"[9)+:6";3*"&3'.".%"$2A2$".%"6(+2'(2".2Z.5%%76F"6%"-3G2"3"62:2(.+%'"
3G3+:35:2H"]'(2".-2".-$22"5%Z26"3$2"36"(%;):2.2"36")%66+5:2".-2")3+$"
&$+.26"B%&'"3"6(+2'.+A+("2Z):3'3.+%'"+'".-2"$2;3+'+',"5%ZH"

c-+:2")9)+:6"3$2"&%$7+',"+'")3+$6F",%"3$%9'B"3'B":+6.2'".%".-2"
(%'G2$63.+%'6H"W6"3))$%)$+3.2F"367"\926.+%'6"%$")$%G+B2"%.-2$"+'A%$;3.+%'"
.%"2'35:2".-2")3+$6".%"(%;):2.2".-2".367"69((266A9::*H"

I$3&".-2"3(.+G+.*".%"3"(:%62"5*"(%;):2.+',"3":3$,2"G2$6+%'"%A"K>LH/E"3"
A:+)(-3$."%$"]d?"+6"962A9:"A%$".-+6H"N'G+.2")9)+:6".%"(%'.$+59.2"+B236"A$%;"
.-2+$"%&'"(%;):2.2B"-3'B%9.6F"3::".-2".+;2";37+',".-2")%+'.".-3."(%;+',"
.%"6(+2'.+A+("2Z):3'3.+%'6";23'6"$2G+2&+',"&-3."&2"7'%&"3'B".-+'7"3'B"
.-2'".$*+',".%"62.".-+6"+'.%"(%'.2Z.H"W(7'%&:2B,2".-3."+'"B%+',".-+6"&2";3*"
,2'2$3.2"+B236"&-+(-";3*"52"+'3((9$3.2"%$"2G2'"&$%',"59.".-2")$%(266"
&+::"%A.2'"3::%&".-262".%"52"(%$$2(.2BH"

C2"/#$:% E5HEG%3,/0*")%

f2;+'B")9)+:6"%A".-2"%5V2(.+G26"A%$".-2":266%'H"?-2'"6-%&".-2"(:366".-2"
6.%9.";2.3:".952F"63*+',".-3."69(-".9526"3$2"6%;2.+;26"(3$$+2B"+'".-2"5%%."
%A"3"(3$H"W67")9)+:6"+'")3+$6".%"6)2(9:3.2"&-*H"NA"'22B2BF"*%9"(3'"%AA2$"%'2"
%$"5%.-"%A".-2"A%::%&+',"-+'.68"ON.Q6"3".%%:Q"3'B"ON'"(362"%A"3")9'(.9$2QH"c%$7"
.%&3$B6".-2"6(+2'.+A+("2Z):3'3.+%'".-3.".-2".952"+6"962B".%"2Z.2'B".-2"
:2G2$3,2"%A".-2"&-22:"5$3(2H"P+'3::*"$2;+'B".-2"(:366".-3.".-+6"+6"3'%.-2$"
2Z3;):2"%A"3"6(+2'.+A+("2Z):3'3.+%'"%A"3'"2G2$*B3*"3(.+%'H"

K'Q".*,;")%

h2"35:2".%"B$3&"%'"3"$3',2"%A"
6(+2'.+A+("+B236"+'(:9B+',"A$%;"
2G2$*B3*":+A2"

JZ):3+'"6(+2'.+A+("+B236"96+',"
3))$%)$+3.2"G%(359:3$*"

R(.#'02#$:%

6(+2'.+A+("2Z):3'3.+%'F"2G+B2'(2F"
2G2$*B3*"2Z)2$+2'(2F"6(+2'.+A+("
+B23F",2'2$3:"7'%&:2B,2"

S")(0$.")%

e$22'"3'B"$2B"(3$B6"C622"
:266%'"aD"

d3'B%9."%A"K>LH>"(9."9)"+'.%"
(3$B6"C%'2"(3$B")2$")3+$D"

d3'B%9."%A"K>LH/"C%'2")2$")3+$"
3'B"6%;2"6)3$26D"

J':3$,2B"G2$6+%'"%A"K>LH/"

[$3(.+(3:"2\9+);2'."3'B"
;3.2$+3:6"36"3))$%)$+3.2"

W"62:2(.+%'"%A"6(+2'(2".2Z.6"

K.%9.";2.3:".952"T0U>00"(;"
:%',"3'B"=UT"(;"B+3;2.2$"

T:%*9"%"/<%(@%*9"%2"))(/"
)9)+:6"6-%9:B"52"35:2".%8%
@" 2Z):%$2".-2+$"%&'"

7'%&:2B,2".%"+B2'.+A*"
6(+2'.+A+("3'B",2'2$3:"
+'A%$;3.+%'"$2:2G3'.".%"3"
)$%5:2;"

@" B$3&"69(-"+'A%$;3.+%'"
.%,2.-2$".%")$%G+B2"3"G3:+B"
6(+2'.+A+("2Z):3'3.+%'"

C()),'2"%@(22(UV01%#.*,;,*,")%
($%9(3"U($+%

[$%G+B2"3'%.-2$"(%;;%'"
6(2'3$+%"A%$")9)+:6".%"2Z):3+'F"
2H,H"A3."+6"3'"2662'.+3:")3$."%A"
%9$"B+2."59.".%%";9(-"+6"53B"A%$"
usH"
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